The application of the sensors optical fiber in the areas of scientific instrumentation and 23 industrial instrumentation is very attractive due to its numerous advantages. In the industry of civil 24 engineering for example, quasi-distributed sensors made with optical fiber are used for reliable 25 strain and temperature measurements. Here, a quasi-distributed sensor in the frequency domain is 26 discussed. The sensor consists of a series of low-finesse Fabry-Perot interferometers where each 27 Fabry-Perot interferometer acts as a local sensor. Fabry-Perot interferometers are formed by pairs of 28 identical low reflective Bragg gratings imprinted in a single mode fiber. All interferometer sensors 29 have different cavity length, provoking the frequency-domain multiplexing. The optical signal 30 represents the superposition of all interference patterns which can be decomposed using the Fourier 31 transform. The frequency spectrum is analyzed and sensor´s properties were defined. Following, a 32 quasi-distributed sensor was numerically simulated. Our sensor simulation considers sensor 33 properties, signal processing, noise system and instrumentation. The numerical results show the 34 behavior of resolution vs. signal-to-noise ratio. From our results, the Fabry-Perot sensor has high 35 resolution and low resolutions. Both resolutions are conceivable because the FDPA algorithm 36 elaborates two evaluations of Bragg wavelength shift.
change on the grating. The monitoring system needs to detect the wavelength shift with very high resolution, permitting its correct evaluation. This shift is evaluated from optical measurements, for example: a dual-OFC FBG interrogation system [2] , tunable Fabry-Perot filter with a piezoelectric actuator [3] and direct spectroscopic detection [4] . 3 of 13 interferometer has a unique optical path length, obtaining the frequency-division multiplexing 97 (FDM). The Bragg gratings have approximately the same length and typical reflectivity of 0.1%. Thus, 98 wavelength-division multiplexing was eliminated for our optical sensor. 
where is the wavelength, are amplitude factors, is the amplitude of the effective refractive index modulation of the gratings, is the length of gratings, is Bragg wavelength, is the effective index of the core, is the ℎ cavity length and is the number of low-finesse Fabry-
109
Perot interferometers (local sensors). Analyzing the optical signal (2), all interference patterns have a 110 similar enveloped function, the enveloped is the reflection spectrum of the gratings, the width Δ 111 is defined as the spectral distance between its +1 and -1 zeros, 
To know the frequency components, we apply the Fourier transform to optical signal
( ) is the frequency spectrum, ℱ is the Fourier operator and is the frequency. Substituting
Invoking the convolution properties and Fourier operator, we have
the symbol ⊗ indicates the convolution. Using the identities:
119
, ∑ = ∑ and solving, the frequency spectrum ( ) is . In turn, interference patterns has a small shift in response to a measured variation,
The optical spectrum ( , ) can be expressed as
where ( , ) is the optical signal due to external perturbations and is Bragg wavelength 136 shift due to measured change. Now, we estimate their frequency components through
Invoking the shift property and solving, the Fourier transform is
Observing the Equ. (13), the frequency spectrum ( , ) is the multiplication between ( ) (Ecq. 
The condition (14) eliminates the overlapping between components, and . Using the Equs.
151
(4) and (9), we have
As ≈ , the minimum cavity length will be = 2
It´s not possible smaller cavities because the FDPA algorithm can not demodulate the optical signal. 
Combining Equs. (17), (18) and (19), the maximum cavity length is
Equ. (20) indicates the maximum cavity length where OSA spectrometer can detect the optical signal.
165
It´s not possible bigger cavities because the instrumentation can not detect the optical signal. Using
166
Equs. (16) and (20), the cavity length can be into the interval of
Capacity of frequency-division multiplexing

168
In the quasi-distributed sensor, each low-finesse Fabry-Perot interferometer generates an 169 interference pattern and then each pattern produces a channel in the frequency domain. The 
In other words, the capacity of frequency-division multiplexing is given by the relation between last and first frequency components. Substituting the Equs. (14), (15) and (17) into (22), the capacity can be re-written as =
Finally, substituting the Equs. (16) and (20) 
Finally, the number of sample is
The number of samples depends of optical system parameters.
Digital demodulation 192
The demodulation is the complete signal processing algorithm developed for quasi-distributed 
where the symbol ⨂ indicates the convolution operation, the rect function has next definition
and is the Dirac delta. Invoking the Diract delta properties, the bank of M filters is
The bank filter of M filters is a series of rect function: is the central position and is its 199 bandwidth.
200
The digital demodulation consists of two phases: calibration and measurements. In the 201 calibration, there are four steps: 1) ( ) is acquired, 2) ( ) is computed, 3) ( ) is filtered 202 ( ) = ( ) ( ) and 4) we calculate its complex conjugate * ( ) where * indicates complex 203 conjugate. In the measurement, there are seven steps: 1) ( , ) is acquired, 2) ( , ) is 204 computed, 3) ( , ) is filtered ( , ) = ( , ) ( ), 4) the relative phase is calculated, 205 5) the ambiguity 2 is eliminated and then absolute phase is calculated and 6), 7) the Bragg 206 wavelength shift is computed, a digital adaptive filter is applied [23] .
207
Due to the presence of the noise in the original signal, the calculated phased will be fluctuating.
208
To minimize the noise influence and provide the best estimate, the absolute phase is multiplied with 209 a set of coefficients. Those coefficient act as an adaptive filter. The Fig. 3 illustrates the digital 210 demodulation schematically. was considered). For each local sensor, the reference spectrum and 50 measurements were simulated.
223
The measurements were into the interval of, S10 to 0.2 nm, S20 to 0.4 nm and S30 to 0.7nm.
224 Fig. 4 shows the spectrum ( ), Fig. 5 shows the spectrum ( ) and Fig. 6 limits as Table 2 illustrates. however each local sensor has its own high resolution. The high resolution depends of cavity length.
254
If the cavity length is bigger then Fabry-Perot sensor will have better resolution. 
264
When the noise is big, signal-to-noise ratio (SNR) is small. In this case, the FDPA algorithm can 265 not evaluate Bragg wavelength shift, causing the transition from high resolution until low resolution.
266
That one can be observed at Fig. 6 . As the signal is (necessary) into the interval ofto and based 267 on the signal detection theory, the thresholding value is 
295
The quasi-distributed sensor has potential industrial applications, for example: structure 296 monitoring, security system, humidity sensing and level sensing.
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